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Motion rate sensor 



The present invention relates to electromechanical devices, and in particular te * motion rate sensor. 

! 

Techniques have Bong Been Known for measuring the rate of movement of components' in diverse 
forms of equipment ani in various Industries. For example, optical techniques for measuring the 
speed of rotation of rotating components (such as turntables of phonographic equipment, and rotating 
parts of automotive engines and other rotary machinery) are well established. .Also, translatlonal or 
linear motion of componentry can be measured using various gauges and sensor elements or 
switches. Further, ft Is kriow to use optical devices to obtain data indicative of position from a computer 

: 
i 

mouse. { 

Difficulties arise when itjia desirable to measure with great precision the (possibly relatively slow) rate 
of linear, axial motion of an elongate article, especially if the article is a relatively delicate or fragile 
cable Dr rod. Such problems arise, tor example, when it is the rata of movement, of a medical 
implement, or the cable jto which it is attached, that is to be accurately monttored/confrolled. 

The present seeks to overcome the aforementioned problems and provide an improved motion rate 
sensor- I 

# 

: 

« 

The present invention Wovidea a motion sensor for detecting the rate of movement of an article, 
comprising: a housing relative to which, in use, the article moves, a detection unit disposed within the 
housing, the detection | unit including a conversion device adapted for generating detector signals 
caused by the motion o]f the article, and processing circuitry adapted for receiving said detector signals 
and outputting motion signals indicate of the rate of movement of the article. 

♦ 

t 

Preferably, the housing includes at least one aperture permitting motion of the article relative to the 
housing. \ 

Preferably, the housing has a configuration whereby, in use. the movement of the article in or near the 

* 

housing is substantial!^ linear. 

■ 

Preferably, said at least one aperture Includes an entry aperture through which, in use, the article 
enters the housing, end an exit aperture through which, in use, the article exits the housing, the article 
preferably moving, in Jse, in a substantial V linear path between said entry aperture and exit aperture. 

* 

i 

Preferably, the conversion device comprises of at least one radiation detector adapted for receiving 
radiation from the arHdteand generating detector signals In dependence oh said received radiation. 

a 

Preferably, the radiation is optical radiation, the detection unit further includes an optical emitter for 
emitting the opScal ration. '** radi8ton detector * d1sposad S ° ** *° *** 



13/87/2004 17:47 +49-39-207028301 * HAMMONDS S ' ■ 94 - 19 



Applicant: ■ ' Nfi&rosulls litf 
Attorney's ret Ml04lH2<yp-G8 

radiation after reflection from the article: Preferably, the optical emitter is a LED. and preferably 
wherein the optical emitter and radiation detector comprise an integral device. 

; 

• , » » • 

Suitably, in .tine aforementioned embodiments, the article has a plurality of markings or reflective 
elements disposed on the surface thereof in a repetitive pattern along its length. 

i . . ' • . 

Alternatively, in another embodiment, the radiation detector comprises a detector of low-ievel 

radioactivity, and the ajtfcle has a plurality of radioactive elements disposed therein or thereon in a 
repetitive pattern along jits length. 

In a further alternative [embodiment, the conversion unit includes a magnetic detector, and the article 
has a plurality of magnetic elements disposed therein or thereon in a repetitive pattern along its length. 

the magnetic detector Being adapted to generate said detector signals when the article, in use. moves 

i 

past the mag netic d etectar. 

in yet b further alternative embodiment, the conversion unit Includes one or more rotateble members, 
such as one or more wheels or balls, adapted to contact the article and be rotated thereby, to use, and 
an electromechanical device adapted to generate said . detector signals in dependence upon the rate 

■ 

of rotation of said rotatable member(s). 



Accenting to another aspect of the invention there Is provided an apparatus for calibrating the sensor 
of any of claims 1 to ,11, comprising: a runner mounted tor linear travel along a slide, the runner 
including a device forjfixedly attaching the article to the runner; a motor, coupled to the runner; a 
controller, adapted to control the motor to drive the runner, in use. at constant spaed along the slide; 
end a measurement device adapted to measure, in use. signals output by the sensor during the travei 

of the runner at said constant speed along the slide. 

j 

Preferably, the measurement device is adapted to measure count signals, said count signals Including 
a count at the start of a calibration operation and a count at the end of a calibration operation. 

t 

' Preferably, the measurement device is adapted to calculate a calibration vslue K (In counts per UTnt 
length, for example flints per inch) using 

K = C</n c 1V I . , 

where C c is the difference between the oount at the start of a Vibration operation and a count at toe 

end of a calibration operation, 

T is the polling interval between successive polls of the sensor in seconds, 
rw is the number of polling Intervals during said travel of toe runner along the slide, and 
V is said constant speed of the runner along the slide in unit length (for example Inches) per 

i 

second. ( 

t 

Preferably, the apparatus former Includes a lead screw and a drive nut mounted thereon the lead 
screw having a 1hread> constant pitch: wherein the runner is fixedly attached to the drive nut. 
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■ 

The" motor preferably comprises a stepper motor "and is arranged , to drive the lead' screw via 
cooperating gears, 

■ 

According to another aspect of the invention there is provided a method of calibrating a sensor, 
comprising: providing a sensor according to any of claims 1 to 11; providing a calibration apparatus, 

■ ■ 

the calibration apparatus Including a runner mounted for linear travel along a slide, the runner 

■ 

including a device far fixedly attaching the article to the runner, a motor,, coupled to the runner, and a 
controller; operating the controller to control the motor to drive the runner at constant speed atong the 
slide; and measuring signals output by the sensor during the travel of the runner at said constant 
speed along the sflide. • 

Preferably, the measuring step includes measuring a plurality of count signals during the travel of the 
runner, said count signals Including a count at the start of a calibration operation and a count at the 
end of a calibration operation. 

* • 

Preferably, the method further includes: 

calculating a calibration value K (in counts per unit length, for example counts per inch) using 

Where C c is the difference between the count at the start of a calibration operation and a count at the 
end of a calibration operation, 

T Is the polling Interval between successive polls of the sensor In seconds. 
n c ls the number of polling intervals during said travel of the runner along the slide, and 
V is said constant speed of the runner along the slide in unit length (for example inches) per 

second. 

According to another aspect of the invention, there is provided a system for determining the speed of 

* 

motion of an article, comprising: a sensor according to any of claims 1 to 11; a control unit coupled to 
the sensor for receiving the motion rate signals output thereby; wherein the control unft is configured 
to poll the sensor, the polling interval between successive polls being of uniform duration; determine a 
difference value, the difference value being a difference between counts defined by successive motion 
rate signals; using the determined difference value and a conversion fector R, calculating tie speed of 
motion of the- article usirtg R and the difference value. 

Preferably, the speed of motion is calculated using v = (q - Cm)R» where {o, - C5.1) is the difference 
value- Preferably, the polling Interval betuveen successive polls Is T, and the conversion factor is 
determined asR- t/KT. where K is a predetermined count convention constant for the article. 

Preferably, the system further includes a display device adapted to display, under the control of the 
control unit the calculated speed of motion of the arficle, Preferably, the display device adapted to 
display, under the control of the control unit a graphical representation of the calculated speed of 
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motion of the article. Preferably, the graphical representation, comprises a speedometer-like graphical 
representation. 

■ 

* ■- 

According to anoilher aspect of the invention, there Is provided a method for determining the speed of 
motion . of an article, comprising: providing a sensor according to any of claims 1 to 11; providing a 
control unit coupled to the sensor for receiving the motion rate signals output thereby; operating the 
• control unit to poK the sensor, the polling interval between successive polls being Of uniform duration; 
determine a difference value, the difference value being a difference between counts defined by 
successive motion rate signals; using the determined difference value and a conversion factor R t 

■ 

calculating the spsed of motion of the arficl© using R and the difference .value. 

Preferably, the step of calculating the speed of motion v comprises using v - (c, Cm}R, where (c { - q. 
i) is. the difference Value. Preferably, the polling interval between successive poll* is T, arid the 
conversion fector is determined as R - 1/KT, where K is a predetermined count conversion constant 
for the article. 

Preferably, the method further includes: providing a display device; and displaying, under the control 
of the control unit, the calculated speed of motion of the article. Preferably, the display device Is 
adapted to display, under the control of the control unit, a graphical representation of the calculated 
speed of motion of the article. Preferably, the graphical representation comprises a speedometer-like 
graphical representation. 

Embodiments of the invention will now be described, by way of example, with reference to the 
accompanying drawings, in which: 

Figure 1 3s a schematic side view of the use of a motion rate sensor, in accordance with an 
embodiment of the invention, to measure the rate of movement of a cable; 

■ 

Figure 2 is (a) a close-up perspective view, and (b) an exploded perspective view of the motion rate 
sensor of Fig. 1; 

Figure 3 schennatleally illustrates a system, in accordance with one aspect of the invention, for 
performing the controlled movement of an article, using the sensor of Figs 1 and 2; 

Figure Z illustrates schematically in more detail the communication between the motion rate sensor 
and the control module in the system of Fig. 3; 

Figure 5 Illustrates art example of a user Interface displayed to the user by the system of Fig, 3; 

Figure 6 shows an alternative embodiment of the motion rate sensor - in the case where two cables 
are used; 

4 
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> * 

Rgure 7 illustrates schematically (a) a time sequence of polling signals, (b) the transmission of signals 
between sensor 2 and control unit'44, and (c) values obtained In series as a result of the polling; and 

* • 

Figure 8 illustrates a plan view of a calibration apparatus that .may be employed according to 
embodiments of the invention. 

■ • 

Figure 1 is a schematic side view depicting the use of a motion rate sensor 2, In accordance with an 
embodiment Of the Invention, to measure the rate of movement of a cable 4. tn this case, the cable 4 
passes through the housing S of the sensor 2 as the cable 4 travels in the direction indicated by arrow 
A; although in alternative embodiments the cable 4 may travel along' the side or other sUrfoce of the 
housing 6, or may travel past the housing 6 (with- elegance) in the vicinity thereof. That is, any 
• arrangement whereby the motion detector elements (described later) within the bousing 6 can perform 
motion detection may be used. 

* ■ * 

The motion rate sensor 2 may b« us$d in diverse forms and applications in which thfe rate of motion of 
an elongate (flexible or rigid) article fe to be measured. Examples include one. or more cables used to 
draw ana close curtains or screens in a theatre; and the (typically metal) cables used to open and 
close a garage door. The motion rate sensor 2 may be used, whether it is the elongate article itself, or 
some object to which ft is to attached, whose rate of movement is to be measured/controlled. In the 

example of Ftg, 1, a device 8 used in medical procedures on the human body is attached to the end of 
the cable 4. 

Figure 2(a) shows a close-up perspective vtew of the motion sensor 2 of Fig.1 . As can be seen* the 
housing 6 Is In ftwo parts - an upper housing 10 and a lower housing 12, suitably fixed together by 
screws (not shown)* Also, a lower clip assembly 14 may be attached (by screws, not shown) to the 
lower housing 12: the dip assembly 14 is a generally U-shaped cross-section and includes elongate 
slots (discussed below) enabling a strap 16 to pass therethrough; the strap 16 in turn enables the 
sensor 2 to be fixedly and stably attached to another object. In the illustrated example, the strap 16 
can be used to attach the sensor 2 to the limb of a human body (not shown). 

In use, the cable 4 may be pulled In the direction of arrow A, for example by a powered mechanical 
device such as an electric motor (not shown), by hand, or otherwise. OptionaJly, the electric motor may 
be coupled to the same control unit (not shown; discussed further below) that receives signals, as 
described hereinafter, from the sensor 2 indicative of the r£te of movement of the cable 4. 



In the illustrated example, the cable 4 comprises coaxial cable having a transparent outer jacket so 
that the repetitive pattern of the braided outer conductor of the cable 4 is Visible. The detection of the 
(motion of the) pattern 18 in this embodiment is discussed in further detail beiow. However. It win be 
appreciated that he pattern of this braid need not be repetitive, and the jactet need net be transparent 
There just needs to be sufficient 'surface variation on the surface of the cable 4 that fe visible by the 
sensor 2 to allow ft find recognisable features and so detect relative position. Thb variation can be so 
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small that it is not visible to the naked eye. However, in each instance, suitable calibration of the cable 
(discussed hereinbelow) if preferably employed. 

Optionally, in this embodiment, an adaptor 20, attached to the housing 6 T may be provided, for initial 
channelling af a device a (see fig. 1) and the cable 4 in a direction opposite to (hat indicated by arrow 
A, and for guiding it into housing 6 during ft$ return travel. In a medical application, an attached tube 
22 may be used to extract fluids. 

* ■ 

Figure 2(b) is an exploded perspective view of the motion rate sensor 2 of Fig, 1. The various 
components of the sensor are shown, including the upper housing 10, lower housing 12, and the clip 
assembly 14 having two elongate slot&15 tor receiving the strap 1$ (see Fig. 2(a)). 

The cable 4. passes generally parallel to the axis of elongation of the housing 6, and between the 
lower housing 12 and a base plate 24, the latter of which has screw holes (four of them, in this 
case) through which fixing screws (not shown) pass from corresponding holes 26 in the tower housing 
12 upon assembly. 

Mounted above the base plate 24 Is a PCB 28 (which will be described further hereinafter), and 
projection 30 (here: three) are provided on tha base plate 24 for this purpose. Referring briefly tp the 
partial cross-section depicted in Fig. 2(c), the projections have two sections of varying diameter, so as 
to provide shoul<flere32 upon which the PCB 28 rests, following assembly. 

Referring to Fig, 2(b), mounted on the PCB 2S is a detector device 32 coupled by serial link to a 
microcontroller 34. The detector device 32 suitably comprises a commercially available optical mouse 
chip, LED and tens package (ADNK-2620; * available from Agilent Technologies); and the 
microcontroller 34 suitably comprises a Microchip 1$ series microcantroll^r (Part. No. PIC16F627). In 
use, the LED (not shown) of detector device 32 projects light of a certain wavelength generally 
downwardly, through optical reader aperture 36 in base plate 24; the light is incident on the (repetitive 
pattern 1& of the cable 4) and light reflected back off the cable focussed by the lens onto a sensor 
element of the detector device 32. From the variation in received optical signal caused by the 
movement of the pattern 13 on the cable 4. the detector device 32 generates corresponding electronic 
signals that are passed to microcontroller 34. In turn, the microcontroller 34 passes signals via cable 
38 (conventional RS-232 interface, for example) to a remote control unit, which Is described in more 
detail hereinafter. 

It is to be noted that the accuracy of the measurement by the optical motion sensor 2 fe largely 
determined by She degree of play between the cable 4 and the lens. Some form of channel, holder or 
guide surface, used In a preferred embodiment, to guide the cable 4 in place under the tens is 
therefore Important The greater the vertical motion of the cable 4 in this guide, the less accurate the 
motion rate measurement will be. 



6 
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\\ will be appreciated that each of the components 1 0, 1 2. 1 4, 24, 28 of the sensor 2 may be made of 
conventional materials (e.g. plastics) using well-known moulding techniques. And, when assembled, 
the sen$or 2 may be of compact dimensions and may be in a form similar to a conventional computer, 
mouse. 

■ 

■ 

In an alternative ^nibodiment, magnetic sensing of the rate of motion Is used. Here, magnet* are 
placed in or on the cable. Two possible ways of detecting the magnetic fields may be employed. In a 
first technique, the cable passes through a ooll of wire that is built into the housing.. As the magnets in* 
the cable pass through coll they generate a current (pulse) that is detected. Either the rate of 
generation of these pulses, or the magnitude of each pulse, allows calculation of the rate of motion, In 
a second technique, a Hail probe is used io measure the magnetic field. Once again, the rate of 
detection of the pulses of magnetic field in conjunction wrfch knowledge of the. spacing between 
magnets, allows the rats of movement to be calculated. 

In a further alternative embodiment, reflector elements for sensing of the rate of motion are used. ■ 
Instead of the Agilent chip described above, a photodiode or phototransistor fs used in conjunction 
with a cahle that incorporates more and less reflective sections. Bands alternately having higher and 
lower reflectivity are used. As each more reflective band passes the sensor, the degree of light 
detected by the photo detector increases. Once again, knowing the spacing of the bands and the rate 
of detected pulses allows calculation of the rate of movement 

In & further alternative embodiment, radioactivity detection for sensing of the rate of motion is used. 
Here, radioactive parades are regularly spaced on the cable. A radioactivity sensor (such as that used 
in smoke alarms) is used to detect the resulting radiation and provide a pulse as each particle passed 
the sensor Once again, knowledge of the spacing between particle and the rate of pulses allows 
calculation of the speed. 

tn a further alternative embodiment, resistance measurement for sensing of the rate of motion Is used. 
Alternatively, the article has regions of varying dielectric strength and passes through the plates of a 
capacitor. Alternatively, the article has regions of varying thickness and s proximity measurement is 
made. Alternatively, the article has regions of opacity and transparency, with a source end detector 
feeing each other with the article passing between the two. (This opacity and transparency could be to 
visible light, any eJectromagnetio signal, radioactivity, magnetic field, or electric field.) 

All of these alternative embodiments may be used In conjunction wim the example provided above 
that employs the Agilent LED/optical sensor chip, to provide additional information on the position of 
the cable, For example, e small reflective band, or magnetic particle may be placed near the end of 
the cable. If the housing incorporates the relevant detection device, when the cable reaches this 
position, a single puise win be delivered to the system to signal that the end of the cable is 
approaching. . 



7 
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Figure 3 schematically illustrates a system, in accordance with one aspect of the invention, for 
performing' the controlled movement of an article, using the above-described motion rate sensor 2. 
the system (generally designated 40) includes a PSU 42, a control module 44 and a user interface 
(Ul) 46. As. mentioned, the motion rate sensor Z is coupled to the control module 44 by serial link (38), 

■ 

As is conventional, the Ut 46 may'present graphical, audible or graphical and audible Information (not 
shown) to the user via well-known display and/or speaker technology, under the control of the control 

■ 

module 44. 

* 

As mentioned with reference to Fig. 1 , in "the Illustrated embodiment, the cable 4 may be attached to a 
medical device .6 {treatment 'applicator) whose rate of motion is to be monrtored/contnolled. Optionally, 
therefore, with reference to Fig. 3, ifts system 40 may Include the medical device 8 (applicator), a 
power module 48 able, to adjust power supplied to the medical device 8 in dependence upon the 
motion rate-data supplied to it by the control-module, and a user-operable fcotswitah 50* enabling the 
user to switch the powfcr on or off. ^ 

Figure 4 illustrates schematically In more detail the communication between the motion rate sensor 2 
and the control module 44 hn Fig. 3, When tha sensor 2 is connected to the system 40 to provide 
feedback to the user, the data is suitably transferred by a standard protocol, such as RS232. The 
sensor 2 is connected to the control unit 44 of the system 40, and the eomms port (not shown) of the 
. system 40 regularly polled by the system's software 52 to extract the data on the sensor's position. 
From the position data, the rate of motion can be derived. However, it will be appreciated that other 
protocols (and cables) may be used instead of RS232, e.g. RS485, RS422. 12C, USB. GP1 B, parallel 
or other protocol, The rate of polling the sensor 2 to determine the motion rate is determined by the 
degree of resolution of the sensor and the desired motion rate (as discussed hereinafter). 

Figure 5 depicts an example of a Ul view displayed to the user by the system 40 of Rg, 3. As can be 
seen, there Is displayed graphically a "speedometer-type" meter 60. The meter 60, as well as 
displaying specific values, including the current v*lue 62, also has several coloured zones, including a 
green zone 64, two orange zones 66, 68, and a red zone 70. Thus, the user has visual feedback as to 
whether the rate of motion of the article 4 sensed by the sensor 2 (see Rg. 1) 
CO is at an optimal value (pointer 71 pointing straight up), 
(li) Is at $n acceptable value (pointer 72 within green zone $4) , 
(fii) Is at a somewhat unacceptable vsrfue (pointer 1 2 within orange zones 66, 6&) , or 
(iv) is at a highly unacceptable value (pointer 72 within red zone 70). 
Alternatively or additionally, audible Information may be emitted by the Ul 48, corresponding to the 
different aforementioned zones, i.e. with green->orange-^red zones corresponding to increasingly 
higher tone (sonic fredjjency), or corresponding to sonic pulses ("beeps") being emitted at dSrerent 
(increasing green->orange->red) rate for different zones. 

■ 

Additionally, the Ul 46 may be caused by software to display (at 74) the total distance travelled by the 
articte (cable) 4. and/or (at 76) the total elapsed lime during the travel of the article. 

8 
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Figure 6 shows an alternative embodiment of the motion rate sensor 2* — in the case where two cables 
are used. The construction Is the same as the embodiment of Figs 1 and 2, except as follows. Here, 
. two tethered cab'ea 4a, 4b, that run irt parallel for most of their length, separate first before passing* 
through the sensor 2\ The applicator cable 4a (e.g. supplying power to a treatment device (not 
shown)) passes tftrougn the sensor 2* transversely. The parallel cable 4b, having detectable markings 
thereon, passes through the sensor 2\ has Hs marfcing detected by the detector device (see Fig. 2). 
and exits the sensor 2' longitudinally, 

* ■ * 

Although the motion rate sensor has been desertoed above in relation to a simple medical application, 
W will be appreciated by persons skilled In the art that the Invention may be employed In any situation ' 
In which the rate of movement of an artide Is to be measured and/or controlled. Examples include all 
sorts of cable operated devices, equipment and machinery, The aforementioned (automatic) cable 
operated curtains and garage doors are typical examples. The motion of moving rods, cables and 
threads in manufacturing environments {e.g. the weaving Industry) may also be measured using 
techniques according to the invention. 

Figure 7(a) illustrates schematically a time sequence of polling signals issued by the control unit 44 * - 

down serial line $8 to the sensor 2 (see Pig. 7(b)). As can be seen, the polling (here illustrated 
schematically as a single pulse of duration t) occurs a! regular intervals with a polling interval T. The 
polling pulses are labelled p u p* p^,— p M , 

Figure 7(b) shows the transmission of signals between sensor 2 and control unit 44, such that In 
response to pulse pi, a count c» is returned by the sansor 2. Suitably, the count c t is defined by a multi* 
bit digital signal sent down the serial line S8. Before use, the sensor 2 is reset During use the sensor 
2 need not be re-set. In one embodiment, the polling interval T Is 0.2 seconds. 

Figure 7(c) shows values obtained in series as a result of the polling. In the first row is the sequence of 
polling pulses pi, and in the second are the counts Cj that are returned in response to the respective 
polling pulse. In order to convert these values q to values representing motion, the counts value from 
the time the sensor 2 was last polled is subtracted from the present counts value. This gives the 
number of counts the cable 4 has moved relative to the sensor 2 during the polling Interval T. The 
number of counts is then divided (or multiplied) by a constant (counta-per-lnch) to give the actual 
distance moved in the units, required by the system (control unit 44). It is then divided by the time 
interval to give the rate of motion. Thus, the speed, i.e. the average speed over tfva last polling interval 
T, for a given polling puis© i is given In 'the third row .in Fig. 7(c); speed v * (ci - cm)R, where R is a 
conversion factor. If it has been previously determined, e.g. using suitable calibration techniques, 
discussed hereinafter, that the number of counts-per-lnch for the cable is K, then R = 1/pcr), The 
speed v (in inches/second) is calculated by the control unit 44 using this relation, and using a stored 
value for R. 

In the embodiment described, K is around 460 counts per inch, and T * 0.2 s. So, for example, if the 
cable moves <I0 counts In 0.2 seconds^ the rate is (10 / 460) / 0.2 = 0.1087 inches per second. As 
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mentioned, this gives a value of speed y every 0.2 seconds. This Is not an instantaneous speed* but a 
value that is the average speed over the previous 0.2 s 

* 

The polling Interval T is also Important in determining accuracy. It is related to the speed of motion of 

the cable 4. If T Is so short that very few counts have been accumulated between polls, then 

discretisation errors will occur, as measured rate will appear to be one of several discrete values. The 

• - * . . ♦ 

polling Interval may need (depending on whether such errors are important in the application) to be 

chosen such that sufficient counts ere read by the sensor 2 between parting pulses to make such 

errore unrecognisable, A faster cable movement will allow a higher rate of poillng (and therefore 

shorter T), A slower one will require a tower rate of polling. On the other hand, if T Is made too long,' 

then ,the rate recorded will start to noticeably fag behind the actual movement, as H is effectively an 

average dver the polling interval T. In the currently preferred embodiment, the lowest effective value of 

the polling interval T. with a puliback rate (i.e. rate of movement of cable 4) of 10cm/min or greater, is 

around 0.2 s, 

m 

In an alternative embodiment, if an average speed is required, but without large T and hence long 
Intervals between speed updates, then shorter polling intervals T can be used in conjunction With a 
rolling average calculation: here, cental unit 44 computes the mean value of the preceding n speed 
results. This is has the advantage that the displayed or measured speed will vary more smoothly over 
time. The shorter the polling interval T, the less jerky the response. The greater n is, the more damped 
the response. This produces advantages In- the display of speed to the uaer, particularly when the 
aforementioned "speedometer-type" display of cable 'speed (see Fig. 5) Is employed. The number n of 
past speed values that are averaged may be any suitable number, e.g. from a few to a few tens of 
values. Typically, n s 32. In a preferred embodiment, n is 18 (1.©, providing a speed averaged over 16 
x 0.2 • 3.2 s). However, it will be appreciated that depending on the application, the upper limit on n 
may be several tens, several hundreds or more. The upper limit may have any suitable value 
reasonably applicable to the parameters of the apparatus being used. 

The number of counts measured per unit distance will vary slightly with withdrawal speed. A higher 
withdrawal speed will result in a s!?ghtiy lower number of counts per unit distance. In order to assess 
the appropriate calibration factor to use in the system to convert the number of counts to distance and 
hence spesd. a device has been designed and built to accurately withdraw the cable through tile 
sensor at a known fo£d rate. This therefore means' that the calibration factor for any particular 
withdrawal rate can b& accurately assessed. 

Figure 8 illustrates a plan view of a calibration apparatus 802 that may be employed according to 
embodiments of one aspect of the invention. The calibration apparatus 802 includes a rigid base 604 
onto which various components, described hereinafter, ere fixedly mounted. These include a stepper 
motor 806 is coupled to a computer (not shown) via cables $08, and driven under the control of the 
computer, as Is wen known in the art The stepper motor 80S transmits rotary motion to a lead screw 
810 via co-operating gears 812, 814, of .the spur gear type. The lead screw 610 is mounted tor rotation 

on a rigid frame 816 &iat includes endplates 81 8, 820, and slide 822. 

> * 

* 10 
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The lead screw 810 is provided with an external helical thread 824 of const**, known pitch; and a 
drive nut 82B is provided on the lead screw 810 and has a co-operating internal. thread (not shown). 
The drive nut $26 is in turn rigidly attached to a runner 830 mounted on the slide 822. The runner 830 
and slide 822 preferably have co-operating fluids elements and/or wheels/bearings (not shown) so as 
to facilitate low-friction sliding of the runner 830 along the slide 822. Suitably, the length of travel of the 
runner S30 on the slide 822 is of the order of 0.5-1 .Om. 

A sensor 2 to be calibrated is provided a suitable distance <e.g. 1-2 m) from end plate 820 of the frame. 
816 and is fixed relative thereto/e.g. by clamping or screws (not shown). The cable 4 passes through 
the sensor 2 and Its end 833 Is damped (e.g. by suitable plates and screws) by a clamping element 
834 on the runner 830. 

Calibration (for- determining the counts-per-inch K of the cable A using the sensor 2) consists of the 
following. The sensor 2 Is set up for issuing the accumulated count value 4 after successive polling 
intervals T. The drive nut 826 is placed at the end of its travel adjacent the end plate 820 of frame 816. 
With the cable 4 passing through the sensor 2. and with any excessive slack In the cable 4 removed, 
• the stepper motor 806 Is powered up and driven at constant rotational speed by the control computer 
. (not shown); thus, the runner 830 Is driven along the slide by drive nut 826 at a known constant linear 
speed V(inch/s>. 

A calibration operation may comprise measuring the count at the end of the b*vel of the runner 830 
end that at the start of tee travel. More preferably, a calibration operation comprises messunng the 
count at least at a -start of calibration", l.e. a predetermined time after the runner has started its mof on 
on me sOde. and has dearly reached ft* constant speed, and measuring the count at the "end pent of 
the calibration", I.e. a predetermined time before the runner has ended its motion. This has the benefit 
of eliminating distortion due to acceleration and deceleration periods. 

If tee difference between the oountat the end of the travel of the runner 830 and that at <h* start oi the 
travel Is C and the number of polling intervals T is n„ than the oounts-per-lnch K can be obtained 



from 



or 



V = (Cc/l<>/ noT 
K = <Vn c TV 



This is one calibration operation. It will be appreciated that for one sensor-cable combination, this 
operation may be repeated several or many times, and the obtained valu^ K averaged. 

Once the value K is known, this can be used to measure motion rate, as discussed above »> 
£ 7. it wo, b* appreciated by persons skilled in the art that, once a value for K has been established, 
one or more of tee other parameters in the relationship K = CAWTV can thereafter be obtained. 
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It will be immediately apparent that, although inches have been used as units in certain embodiments, 
other units may be used. That is, instead af expressing K in counts-per-Inch, this may be counts-pfer- 
mm, per-cm, perwn, or counts per ogstom unit; and instead of expressing V in inches/second, this may 
be in mmfe. cnV$, m/s; and so on. 
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The .ead screw alO Is provided with an external helical thread 824 of constant, known pitch; and a 
M nut 826 is provided on tha lead sere* 810 and has a co-operating interna, thread (not shown^ 
The drive nut 628 is in turn rigidly attached to a runner 830 mounted on the slide 822, The runner 830 
and slide 822 preferably have co-operating guide elements and/or wheels/bearing* (not shown mm 
to t*mm low-frlctlon eliding of the runner 830 along the elide 822. Suitably, the length of travel of the 
runner B30 on the slide 822 is of the order of 0.5-1 ,.0m. 

A sensor 2 to ^ calibrated is provided a suitable distance (e.g. 1-2 m) from end plate 820 of the frame 
816 and is ffced relative thereto. e.g. by clamping or screws (not shown). The cable 4 passes through 
the sensor 2 and Its end 833 Is clamped (e.g. by suitable ptotes and screws) by a damping e.ement 
834 on the runner 830. 

Citation «0r deternaning the oovints-peHn* K of M eahl. 4 using the w. 2) constats " *• 
'. In,. ™ aenaor 2 IS set UP (or issuing *. aerated count value a a*er •—>•>£ 

Intervals T. The d-ive nul =26 Is pi— * « «« '* «»' — ^ 

cZ 4 ,h~ugh « sensor m, _*» ** ta *. ««-. 

I steppe, motor 80S i, p=»ered up and d*«, at ^ =P~d •» *• 

. itli thus, 'f dinner to ta ddvau along 1. — » «nv, nu« - - a known consent linear 

A ^Hon operation may comprise measuring the count at the end of the travel of the .unner 830 
1 that at the .fart of tha travel. More preferably, a calibration operation compnses measunng the 

on the elide, end has dearly reached *e oonstant speed, and "^^^^^J 
the caJibration", I.e. a predetermined time before the runner ha* ended its mobon. "mis has the benefit 
of eliminating distortion due to acceleration and deceleration periods. 

■ h^n W e — , - end «- L^lto 

travel B C» and the number of polling intervals T la n. than tha oounleuer loon * pan 

from 

V = (Cc/K)/ n 0 T 
or K = Cc/n c TV 

Th, * one ca.ibrar.on operate It „ be appreciated that for one ^ 
operation may be repeated several or many times, and the obtained values K averaged. 

, „ • ^ this can be used to measure motion rate, as discussed above in relation to 
Once the value K is known, this can De usee m m established, 

-rjk« nersons skilled in the art that, once a value ror K has oeen eswuna , 
fiq 7 it wDI be appreciated by persons SKineo in m«« a . . . . 

cig. f . u wui , „ « _ r-MTV can thereafter be obtained, 

one or more of the other parameters in the relationship K - C^TV can 
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it will be immediately apparent that, although Inches have been used as' unite In certain embodiments, 
. other units may be used. That is, instead of expressing KJn counts-per-inch, this. may be counts-pier* 
mm, per-cm, per-m, or counts psr custom unit; and instead oiexpressing V in inches/second, this may 
be in mm/s. cm/$, m/s; and so oh. 1 
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